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ABSTRACT
Immersive Virtual Learning Environments (IVLEs) are an increasingly popular tool used
extensively in modern training techniques, but little is known about the learning transfer
process accompanying curricula based on these methods and the ability of the technique to
teach procedures. As an advantageous instrument in teaching and developing psychomotor and
spatial activities, further research and assessment into the strengths and applications of IVLE in
training activities is needed to evaluate the contributions of this tool in transportation training
and development. Using a highway flagman IVLE training program, the purpose of this study
was to evaluate the learning experience and learning gains of participants enrolled in the
training. 
The training program’s successes in reaching a wide range of learners and recreating real-
world situations support the use of IVLE-based learning to increase engagement and knowledge
transfer.
1. INTRODUCTION
Immersive Virtual Learning Environments (IVLEs) are extensively used in training,
but as indicated by Rose, Attree, Brooks, Parslow, and Penn [1], few rigorous scientific
investigations regarding the transfer of learning have been conducted. Measurement of
learning transfer through evaluative methods is key for determining the likelihood of
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equivalent performance post-training intervention [1]. Sowndararajan, Wang, and
Bowman [2] stated, “Research has shown that immersive virtual environments (VEs)
are beneficial for training motor activities and spatial activities, but it is unclear whether
immersive VEs are beneficial for purely mental activities, such as memorizing a
procedure” (p. 1). As stated by Gerber & Scott [3], more important than the IVLE
technology is the element of “higher critical thinking that IVLEs can provide to
learners…Fostering critical thinking is fundamental to the mission of formal education,
including higher education” (p. 1). Gerber and Scott [3] go on to state that IVLEs are
often implemented through the use of game-based technology, which is argued to “hold
the promise for fostering critical thinking skills and other 21st century skills” (p. 1).
Further study of these mechanisms of IVLE learning and analysis of IVLE applications
can offer insights into restructuring curricula across the transportation training spectrum
and increasing learning transfer and impact through the utilization of immersive
learning technologies.
1. 1. Immersive Virtual Learning Environment
The role of a highway flagman is one that involves higher order problem solving and
decision-making skills due to variables such as weather conditions, traffic complexity,
multifaceted geographic settings, and multiple lane intersections – all of which impact
a flagman’s final decision as to construction and/or maintenance work zone design and
implementation (see Ref. 4). For this reason, it is critical for flaggers to receive highly
transferable training so they can perform to the best of their ability. The safety of both
the traveling public and fellow work zone employees hinges upon the flagger’s
understanding and utilization of the information presented in construction and/or
maintenance work zone training courses. Training for construction and maintenance
work zone flaggers is generally conducted away from a work zone in a traditional
classroom setting [4]. During many of these training sessions, the learning experience
is passive, with handouts, slide shows, and lectures encompassing the vast majority of
the training material. Within the flagging courses, the participants are encouraged to
stand up and provide examples or manually indicate the proper procedure for a certain
activity; however, not every participant will take part in such activities nor will all feel
comfortable [4].
According to Whisker, Baratta, Yerrapathruni, Messner, Shaw, Warren, and
Rotthoff [5], IVLE training research has been focused primarily on the traditional
learners, such as college students or highly educated professionals. Coco, Machtmes,
Cavin, and Ndinguri [6] added that marginalized groups, such as those with low
literacy rates and below average educational attainment, have been largely ignored
within the field of IVLE research. Among the reasons for such an omission exist
questions of how to deliver effective training to these groups as well as how to
measure achievement and retention of material before and after training. Additionally,
apprehension in regards to training such marginalized groups may arise from fear that
training efforts may be met with anxiety from educators, which may result in
ineffective instruction. Therein, the problem lies in how to appeal to these groups of
workers so they find the training environment less frustrating and threatening.
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Through the removal of the barriers that confined groups from learning in the past,
training and development can break new ground and appeal to a more diverse
audience. Kapp and O’Driscoll [7] suggest that one way to accomplish such an
undertaking is to incorporate interactive virtual training environments into the
instructional classrooms so that workers can learn by experience instead of simply
through traditional lecture and test-taking-based passive instruction.
Through the use of IVLEs, it is now possible for the training community to deliver
realistic instruction to workers in a more hands-on, highly transferable setting,
especially to those considered in the marginalized population discussed above (Ref. 8).
Broady, Chan, and Caputi [8] highlighted that there is a stereotypical view that older
adults are technologically deficient. As defined by Broady et al. [8], individuals that
took part in the research chronicled below can be categorized as the “older population.”
In addition, Broady et al. [8] presented an argument by Eisma, Dickinson, Goodman,
Syme, Tiwari, and Newell [9] which posited that older individuals would be more
willing to be more involved with technology based on the premise they were provided
with the reasoning behind the benefits of the proposed technology. Arguably, this
finding by Eisma et al. [9] is critical in guiding research focused on diverse populations
in dispelling the myth that some populations are not successful in technology-based
training. 
Blunt [10] stated, “Over the past 25 years, games have evolved from black-and-
white blips made by hobbyists into a complex multi-billion dollar industry. Over the
past five years, interactive digital entertainment—computer and video games, has made
significant strides in developing immersive worlds, interactive stories, and massive
multiplayer on-line communities, while tackling a broader range of themes and human
experience” (p. 2). With advances in video game and other simulated virtual
environment technology, this type of hands-on training has become more accessible
than ever before (Ref. 11). Meliza, Goldberg, and Lampton [12] stated, “The
introduction of game-based training has expanded the scope of virtual training and
made it more widely available because of the games’ relatively low cost” (p. 1).
Through the use of technology such as immersive virtual environments, similar to those
found in SecondLife® and World of Warcraft®, training participants can take an active
role in their learning. “Users must be enabled to perform every relevant action they
would in the real world in the simulated environment” (Blumel & Jenewin [13] as cited
within Blumel & Haase [14], p. 2). As addressed by Hummel, van Houcke, Nadolski,
van der Hiele, and Lohr [15], this type of technology gives participants a chance to
make mistakes and gain a better understanding of the work environment without any
threat of bodily harm or negative repercussions or judgments about their performance. 
As argued above, IVLE technology adds considerable value to the learning
experience; however, measuring the learning that is occurring in the IVLE is
indispensable to research. Through the use of gaming telemetry and precision
monitoring technology, it is now possible for the training community to better
understand not only what subject matters the participants are learning but also the
manner in which they are learning to apply the information to real-life scenarios
(Ref. 11). 
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1.2. Purpose and Objectives
The purpose of this research was to examine the transfer of knowledge to real-world
situations while participants were engaged in an IVLE. The IVLE was used to teach
basic flagging techniques and abstract concepts as they related to construction or
maintenance highway work zones. The study addressed the following objectives: 
1. To describe selected demographic characteristics of adult learners in the
experimental group on the following criteria: age, gender, ethnicity, education
level, socio-economic status, number of years working as an adult, number of years
working in construction/highway maintenance, and whether or not they had
previously taken a flagging course. 
2. To determine the precision of participants while in the IVLE through the use of
telemetry data.
3. To examine the differences in the participants’ pre-telemetry measurements to the
post-telemetry measurements. 
2. METHODS
The Louisiana Department of Transportation and Development sponsored a quasi-
experimental research study regarding the use of IVLE technology during the “Basic
Flagging Procedures” course. Through randomization procedures, participants were
assigned to either the control or experimental group. Over the course of two months,
seven control (n = 140) and eight experimental (n = 165) classes were conducted. All
classes were delivered by the same instructor, creating an instructor constant throughout
the project. Participants within the control group received traditional classroom
instruction that did not involve the use of computers or virtual environments. The
experimental groups’ training was also instructor-led; however, learners assigned to the
experimental classes primarily focused on the use of IVLE technology as it related to
instructional concepts. For the control group, the assessments used to measure
knowledge and learning transfer were an equivalent pretest and posttest. While these
same measures were utilized within the experimental group, additional information
regarding how they performed within the IVLE was also collected through a database
that tracked 1/10th of each second of movement within the IVLE as well as participant
answer choices.
During the experimental group classes, participants first received a tutorial regarding
operation of the gaming controller, which was the device used during the class to
manipulate avatar movement (see Figure 2). The controllers used for IVLE training
were standard gaming controllers commonly used in other gaming system technologies
(e.g., Playstation ®). Learners also received instruction on how to orient themselves
within the virtual environment using controller joysticks to direct both the avatar’s body
and head orientation within the IVLE. The game controllers were also equipped with
buttons used for selecting an item or positioning the participants’ avatar within the
virtual environment. As defined by Bailenson, Blascovich, Beall, and Noveck [16], an
avatar is a representation of a person in a virtual environment. The avatar in the IVLE
allowed the participants to execute the procedural tasks that are utilized in a highway
200 A Measure of Precision Regarding Procedural Tasks of Non-Traditional, Adult Learners
in An Immersive Virtual Learning Environment
construction or maintenance work zone. Additionally, the environment provided within
the IVLE consisted of well-defined, sharp images that were easy for participants to
view and manipulate (see Figures 3, 4, and 5). After the brief introduction to the IVLE,
each participant was asked to select an avatar of their choice to represent themselves
within the virtual training environment. There were three male and three female avatars
from which each participant could choose. Participants were encouraged to select an
avatar (Figure 1) with whom they identified in order to heighten their connection with
the avatar and subsequent training/learning transfer within the IVLE. 
Within each experimental group, class participants received traditional, face-to-face
lecture from the instructor before watching a simulated representation of an avatar
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Figure 1. Depiction of female and male avatar in the IVLE
Figure 2. Game controller used by participants in the IVLE
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Figure 3. Flagger in the IVLE displaying the appropriate stop position 
at the beginning of the work zone cone taper
Figure 4. Third person point of view of a work zone with two flaggers
Figure 5. Flagger in the curve of a work zone
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performing a certain task or set of tasks within the IVLE. After viewing these scenes,
the participants were asked to use the controllers and avatars to perform the same
highway safety procedures. Activities within the IVLE training course ranged from
selecting the correct attire for a highway construction or maintenance flagger to
positioning the avatar flagger at the correct location along various work zone
configurations.
The IVLE was set up to have various training scenes that required participants to
complete a task, such as placing their avatar in the correct location for properly
directing traffic through a highway construction or maintenance zone. The participants
were informed of what task to complete, at which point they would begin manipulating
their controllers and moving their avatar to the correct position. In order to ascertain if
the participants placed their avatar in the correct location, the architects of the IVLE
(under direction of the researcher) had developed a predetermined mathematical grid,
which represented the correct placement of the avatar for each task. In the repeated
levels, the mathematical grid was narrower, which required more precision from the
participants regarding placement of the respective flagger(s). In the context of this
research, a level is defined as the overarching scene in which the participants were
required to perform specific tasks. The levels are explained below:
• Level 28: Served as a pretest measurement with the task requiring the participants
to position a single flagger at the correct location while demonstrating the correct
traffic signals with their arms.
• Level 50: Served as the posttest for Level 28 requiring the participants to complete
the same tasks.
• Level 34: Served as a pretest measurement with the task requiring participants to
place a single flagger in a short-duration and low-speed work zone.
• Level 51: Served as the posttest measurement for Level 34 requiring the
participants to complete the same task.
• Level 35: Served as a pretest measurement with the task requiring participants to
place three flaggers in the correct locations in a sight-obstructed work zone.
• Level 52: Served as the posttest measurement for Level 35 requiring participants
to complete the same tasks.
• Level 36: Served as a pretest measurement that required participants to place two
flaggers in a long-duration and high-speed work zone. 
• Level 53: Served as a posttest measurement for Level 36 that required participants
to complete the same tasks. 
Each participant would move their avatar to the place they perceived to represent the
correct placement for their avatar; they would then select the denoted button to
determine if they were in the correct location or not. After pushing the selection button
on the game controller, a comment statement would appear that informed the participant
if they were in the correct spot or not. 
Participants could move in any direction throughout the IVLE before using their
controller to denote that they were choosing a spot within the environment as their
desired position. Each experimental group participant completed the same levels and
tasks within each level; however, activity within the IVLE was done at separate
computer terminals and independently from other group members. All movement
within the IVLE was monitored along with each position selection. When a participant
made an incorrect position selection, they were notified of the incorrect selection and
directed to continue placing the avatar within the simulated environment until the
correct location or action was chosen. Once a correct selection was made, the
participants would then finish that activity or scene and advance to a blank screen until
their fellow classmates completed that scene.
2.1. Data Collection
Running in the background of each participant computer terminal was a sophisticated
data collecting and tracking system that assessed the avatar flaggers’ movements every
1/10th of a second. This software ran unobtrusively, retrieving raw data regarding
participant movement within each of the interactive IVLE scenes. In order for the
instructor to track participants’ progress in each interactive IVLE scene, a dashboard
ran on his computer monitor providing him with feedback regarding when each
participant completed each level in order to aid him in gauging the appropriate amount
of time spent in each level. From the time an interactive portion of the training began
until all course participants passed that level, the tracking program measured both the
time and precision of the participants’ movements within the IVLE. While time was
measured, the researchers were also highly concerned with the precision of the avatar
flagger placement within the IVLE. If a participant moved directly from point A to point
B, his movement within the IVLE was considered highly accurate. If a participant
moved from point A down the road toward point C only to turn and move back toward,
eventually reaching point B, then his movement within the IVLE was considered less
accurate. Tichon [17] stated, “Event based training in VR allows novices to be trained
to recognize all relevant cues and thereby increases the likelihood of their being able to
also head off a problem before it develops. Presenting real-world problems in VR
provides a means whereby trainees can gain experience coping with complex
operations” (p. 287). 
Additionally, telemetry information was used not only to track right and wrong
answers but also to assess how close to the desired target within the IVLE all of the
“correct” responses were. While correct answers were all accepted and passed to the
next level, some answers were considered more correct or closer to the desired location
than others. These measures were in agreement with Tichon’s [17] approach,
“Predetermining the link between final performance measures and training events in the
construction phase of VTEs (virtual training environments) results in performance
assessment which is constant across trainees and therefore supports cross comparison
of results” (p. 287).
Demographic data were collected through a researcher-created instrument and
administered at the start of the class to each participant for completion. All demographic
surveys were coded with participant student numbers to ensure confidentiality. 
3. RESULTS
Although there were a multitude of levels within the IVLE, the levels analyzed
consisted of those levels that were repeated by each participant. The levels, which were
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repeated, were those levels that contained interactive scenarios through which the
participants would evaluate the work zone situation and then place the flagger(s) in the
correct location based on the environmental scenario. 
3.1. Objective One
Demographic data for the combined experimental group (n = 165) indicated that of those
responding, the majority of the sample was male (86.1%). The largest ethnic group
category was African-American (64.8%); the second largest category was White/Non-
Hispanic (31.5%), while there was one respondent each in the Other and American
Indian/Alaskan categories. It is interesting to note that 76.8% of the overall sample had
a high school diploma, GED, or less, and the largest group of individuals was between
the ages of 46 to 64 years (50.0%) of age and had never attended a flagger course
(76.3%). In regards to years working as an adult (18 years or older), the data showed that
31.3% had been working between 26 and 35 years, forming the largest group. Regarding
the number of years worked in highway or maintenance construction, 72.0% had worked
15 years or less, representing the largest group in the data. A significant number of
participants (88.8%) earned $50,000 a year or less. 
3.2. Objective Two
Level 28 was repeated as Level 50, which required the participants to place a single
flagger in the appropriate location in the work zone and then select the appropriate hand
signal for the oncoming traffic. Level 34 was repeated as Level 51, which required
participants to place a single flagger in a short-duration and low-speed work zone.
Level 35 was repeated as Level 52, which prompted the participants to place multiple
flaggers in the correct locations within the work zone. The scenario(s) did not indicate
to the participants what the correct number of flaggers was to be, but they were
prompted to place multiple flaggers and were asked the number of flaggers they
believed were necessary in the scenario. Levels 35 and 52 required the participants to
place three flaggers in the appropriate location within a site-obstructed work zone. The
last levels compared were Level 36 and Level 53. Levels 36 and 53 required the
participants to place two flaggers in the long duration and high-speed work zone, with
the same prompts for placements as in Levels 35 and 52.
A distance integral was calculated for each participant on Levels 28/50, 34/51,
35/52, and 36/53. This distance integral tracked the placement of each participant’s
avatar as they moved to their desired target for correct flagger placement. Due to
extreme skewness in the data and in order to reduce the impact of outliers in the data,
a nonlinear transformation using a base 10 logarithm was utilized (Ref. 18). Warren
[18] states, “This type of data transformation can bring outlier values at the high end of
a distribution closer to the mean” (p. 155). After the nonlinear transformation was
utilized, a paired samples t-test was implemented for data analysis.
The distance integral mean for Level 28 was 2516.51, with a standard deviation of
3487.33. The distance integral mean for Level 50 was 2643.70, with a standard
deviation of 4769.73. The paired samples correlation for Levels 28 and 50 were highly
correlated (r = .476, p = < .001); however, the paired samples t-test for Levels 28 and
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50 was not statistically significant (t = –.350, p = .727). The distance integral mean for
Level 34 was 1433.36, with a standard deviation of 1944.63. The distance integral mean
for Level 51 was 1559.95, with a standard deviation of 3658.04. The paired samples
correlation for Levels 34 and 51 were highly correlated (r = .215, p = .010); however,
the paired samples t-test for Levels 34 and 51 was not statistically significant (t = –.403,
p = .688). The distance integral mean for Level 35 was 5074.17, with a standard
deviation of 4443.47. The distance integral mean for Level 52 was 3478.45, with a
standard deviation of 4912.24. The paired samples correlation for Levels 35 and 52
were highly correlated (r = .334, p = <.001); additionally, the paired samples t-test for
Levels 35 and 52 was statistically significant (t = 3.217, p = .002). Lastly, the distance
integral mean for Level 36 was 3142.33, with a standard deviation of 2716.69. The
distance integral mean for Level 53 was 2327.23, with a standard deviation of 2400.39.
The paired samples correlation for Levels 36 and 53 were highly correlated (r = .277,
p = .004); also, the paired samples t-test for Levels 36 and 53 was statistically
significant (t = 2.744, p = .007). 
4. CONCLUSIONS
The participants in this research study were individuals who represented a marginalized
population, with a majority of these participants holding either a high school
degree/GED or less. All of the participants, even those with limited educational
attainment, were able to complete all levels of the training in the IVLE. The telemetry
data displayed significant skewness regarding the distance integral. 
The participants’ distance integral mean scores did not decrease between Levels
28/50 or between Levels 34/51. Though the increases in their mean scores were not
large between the repeating levels (the repeated levels simulated a pre/posttest), the
standard deviations did get larger for each of the repeated levels. Data from Levels
35/52 and Levels 36/53 showed a decrease in the distance integral mean from Level 35
to Level 52 and from Level 36 to Level 53, with a statistically significant change. These
findings indicated that participants were able to transfer their learning to the real world
environmental scenario. The skewness of the data appeared to be a function of the fact
that some of the participants did not complete their tasks immediately in each scenario.
The distance integral continued to increase at a constant value regardless of the fact the
avatar was unmoving in the scenario. 
In conclusion, this research demonstrates that an IVLE can be successful in
delivering training to a broad spectrum of the transportation work force, including those
entering from an educationally marginalized background. Computer skills are not
necessary for successful training in an IVLE environment as game controllers can be
used and these controllers mimic the systems used to operate heavy equipment, which
was utilized in daily work tasks within the accessible population. Due to the fact that
each participant had an individual computer for this training, they were able to fully
participate in the training without fear of judgment by other participants in the training
while the application of their learning was captured. In normal training events, only one
or two individuals generally opt to participate in table top work zone scenarios while
other participants watch. Thus, the trainer is unable to measure whether or not each
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individual can apply his or her knowledge. This training allowed the participants to
practice placement of flaggers in the construction or maintenance work zone locations
without any of the risks they would normally encounter in the real world due to the
traveling public, dangerous weather conditions, obstructed lines of sight, or machinery.
Additionally, since this population had a positive experience with a training event in an
IVLE, they are likely more apt to be open to additional training through this type of
instructional delivery system.
In terms of implications and value of IVLE technologies in transportation training, the
potential for application and innovation is extensive. Utilization of the IVLE element in
the aforementioned training activity brought numerous possibilities into the classroom.
The measurement procedure used to assess avatar placement measured participant
answers at a level of precision greater than that of the classroom re-enactment activity.
In addition, the real-world simulations generated through the application were able to
recreate the applied situations of occupational tasks more accurately than those of
traditional classroom activities through environmental and visual stimuli that better
represent actual tasks. Participants were also able to work at a pace most comfortable for
their learning style, past experience, and learning needs and are given the opportunity to
learn through repetition and self-correction – two elements more aligned with informal
ways of everyday learning rather than formal classroom settings. Due to the personal
interaction of the activity, instructors and training staff are also able to monitor and
assess a greater number of participants and expand their assessments to a wider variety
of activities. Furthermore, the virtual nature of the learning activity allows for unlimited
potential simulations, recreating an unlimited number of real world situations and
environments pivotal to successful and safe practice in the field. Perhaps more
importantly, the inclusion of IVLE allowed training staff to provide intense and
meaningful learning to a variety of participants from educationally marginalized
backgrounds – a characteristic of increased importance in transportation-based positions
involving the safety of both the transportation professionals and the general public. 
Although the IVLE learning process performed favorably in regards to the
population and task under study, further research is needed to determine the potential
benefits in varied process-oriented roles as well as knowledge retention and application
compared to control group participants when application occasions arise. The learning
tools and methods utilized in the flagger education course discussed here could be
expanded to include other process-based transportation skill training, such as safety
processes, emergency response procedures, and machine and equipment orientations
(among others). The virtual nature provides no limits to the environments and tasks that
can be created, allowing the participant to engage in situational activities that cannot be
recreated or adequately depicted in the classroom setting without the risks inherent to
attempting these tasks as a novice in the work zone. 
In addition to providing a means to increase skill development while maintaining
inexperienced learner safety, the IVLE delivery and monitoring system utilized by the
researchers provided the opportunity to easily assess learner progress individually,
thereby increasing opportunities to correct gaps in understanding and develop a more
informed workforce while simultaneously providing a potential rigorous standardized
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method for delivering and assessing content. Furthermore, IVLEs (as used in this study)
demonstrate the potential to serve as a universal learning tool, benefitting learners
across age, education, socioeconomic, and ethnic continua.
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